WHAT IS CLAIMED IS: ^ 

1. An interconnection contact structure assembly 
comprising an electronic component having a surface, a conductive 
contact terminal carried by pne electronic component and 
accessible through the surface; an internal flexible elongate 
member having first and sj^dond ends and with^p^id first end 
forming a first intimate/bond to the surface of said conductive 
contact terminal without the use of a s e p a r a t e_ b<an ding— ma t.erJLa,l- 
and an electrically conductive shell formed of at least one layer 
of a conductive ^aterial with said at least one layer enveloping 
the elongate m4w^ and forming a second intimate bond, with at 




least a portibn of the conductive contact terminal immediately 
adjacent tfye first intimate bond . 

2. A structure as in Claim 1 wherein the strengths of the 
first and secofki intimate bonds as measured by pull, shear and/or 
bend can be characterized as being greater for the second 
intimate bond thafin the first intimate bond, 

3. A strucftre as in Claim 2 wherein the strength of the 
second intimate bo\kis at leas^ twice that of the first intimate 
bond. \\ LAw^ 

4. A structure. %s in Claim 1 wherein said at least one 
layer is compressivelyXl^ressed. 

5. A structure. \^ in Claim 1 wherein said internal 
flexible elongate member Vkd said at least one layer of the shell 
are formed to provide V\cantilever to impart a resilient 
characteristic to the interconnection contact structure. 

6. A structure as inXdlaim 1 wherein said shell has an 
outer layer and wherein said cM^r layer is a solder alloy. 

7. A contact structure use as an interconnect with an 
assembly which incorporates a se%onductor device, the assembly 
including an electronic component ^W-^ h includes a surface having 
at least one conductive contact pM. thereon, said contact pad 
having a surface, said contact struc%e comprising at least one 
conductive flexible elongate element waving ~ iA ~ . 
ends, means bonding the first end to t% surf ace of the contact 
pad to form a first intimate bond, \ shell substantially 
enveloping the flexible elongate element abd at least a portion 



of the surface of the conductive contact pad immediately adjrcent 
the means bonding the first end of the flexible elongate element 
to the contact pad to provide a second intimate bfind so that the 

strength of the second intimate bond is greater ythan that of the 

/ 

first intimate bond. * / 

8. A structure as in Claim 7 wherein #tid shell is formed 
of at least one layer of a conductive material. 

9. A structure as in Claim 8 wherein said flexible 
elongate element is provided with at least one cantilever forming 

a bend. / 

10. A structure as in Claim 9 wherein said conductive shell 

has a high-yield strength. / / t 

11. A structure as in Claim/ 10 Wherein said conductive 
material of said shell is principally, formed of s material 
selected from the group of nickel, cobalt, iron, phosphorous, 
boron, copper, tungsten, molybdenum, rhodium, chromium, 
ruthenium, silver, palladium and their alloys. 

12. A structure as in Claim 8 wherein said shell includes a 
layer which provides internal compressive stresses. 

13. A structure as in Claim 7 wherein said seconded is a 

free end. / 

14. A structure as in Claim 13 wherein said free end has a 

ball-like configuration. 

15. A structure as in Claim 7 together with an outer 
conductive layer adherent to the shell of a conductive material, 
said outer conductive layer being formed of a material to which 
good electrical connections can be made. 

16. A structure as in Claim 7 wherein said shell has an 
exterior surface, said exterior surface having micro protrusions 
formed therein. 

17. A structure as in Claim 9 together with a conductive 
flexible material mass extending from said surface of the contact 
pads and over the bend to minimize the inductive characteristics 
of the bend while permitting flexure of the bend. 

18. A structure as in Claim 13 wherein said free end 
extends above the surface of the electronic component. 
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19. A structure as in Claim 13 wherein safid free end 
extends down below the surface of the electronic ydompornent . 

20. A structure as in Claim 7 together with^ a layer of 
dielectric material disposed on the shell and an additional layer 
of conductive material disposed on the ydlelectr^c material to 
provide a shielded contact structure, / (■ 

21. A structure as in Claim 10 ^herein s,4id second end is 
free so that the second end can ^erv.e as /a resilient probe 




contact to resiliently engage the contact terminal. 

22. A contact structure as jfn Claim 21/ wherein said contact 
structure includes a depending portion serving as an electrical 
contact. 

23. A contact structur 
end is provided with a contact pad ca/fried by the free end and 
having at least one la ye/ with a /plurality of spaced apart 
protrusions. / / is. 

24. A structure as/ in Claim .'23 wKelf'Sln said layer having 

I / 

protrusions is formed o^ f a hard conductive material. 

25. A structure &s in Claim 24 wherein said hard conductive 

/ f • 

material is selected/ from the/ group nickel, cobalt, rhodium, 

iron, chromium, tungsten, molybdenum, carbon and their alloys. 

26. A structure as in Claim 10 wherein said probe and is 

provided with a caqfcilevered/portion adjacent the free end. 

f 

27. A structure- as in Claim 7 together with means bonding 

the second end tjb the same conductive contact pad to which the 

f 

first end is bonded and solder enveloping said contact structure 
and serving to J:orm a solder bump. 

28. A structure as in Claim 27 wherein said shell has an 
exterior layel which is formed principally of a solder material. 

* 29. A /structure as in Claim 7 wherein said flexible 
elongate elefnent is formed into loops extending over the contact 
pad and enclosing a planar surface area therebetween with the 
shell being formed on the flexible elongate element and solder 
means seeped to the shell of the flexible elongate element and 
forming a! solder bump covering the enclosed planar area. 

30./ An interposer for use in a semiconductor assembly, a 
substratfe formed of an insulating material having first and 
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second spaced apart surfaces and having s plurality of, spaced 
apart contact pads on at least one of said surfaces and a 
plurality of contact structures mounted on 7 the cont^Qt pads on 
said at least one of the surfaces, each of /said contact 
structures including at least one flexible elongate element 
having first and second ends, means bonding th£" first ends to a 
contact pad and having a shell of conductive/material formed on 
the flexible elongate elements and bonded to/the contact pad, the 
second end being free and extending above jrfie substrate, 

31. An interposer as in Claim 30 wherein said substrate is 
provided with holes extending through tfefe substrate together with 
additional flexible elongate elements /? 6ccured to the contact pads 
and extending through the holes /and a shell formed, of a 
conductive material on the additional flexible elongate elements . 

32. An interposer &s^in Claim 31 wherein said flexible 
elongate element is f or^p4^, v^Lth a bend therein having a 
cantilever portion and wherein ^aid shell is formed of a material 
having a high yield strength pf at least thirty thousand pounds 

per square inch. / 

33. An interposer as An Claim 31 wherein said holes have 
portions which are offset /with respect to each other extending 
through the first and second surfaces and providing shoulders 
which are recessed with /espect to the first and second surfaces 
together with contact pa4s disposed on said shoulders and wherein 
said contact structure^ are secured to the contact pads disposed 
on the shoulders and" have free ends which extend ' outwardly 
through the holes beyond the first and second surfaces to provide 
free ends which lie /in the spaced parallel planes. 

34. An interposer as in Claim 31 wherein said holes having 

/ 

conductors extending therethrough. 

35. An inteiposer as in Claim 31 wherein said holes are in 
the form of plated-through holes and wherein said contact 
structures are disposed on contact pads on one of the first and 
second surfaces together with additional contact structures 
extending across the plated-through holes and being bonded to 
contact pads jon the other side of the substrate, said additional 
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contact structures including flexible elongate element^ and a 
shell formed on the flexible elongate elements, 

36. An interposer as in Claim 35 wherein saXd additional 
contact structures are substantially loop^ehap^df in elevation 
together with solder formed on the additiotialycontact structure 
to provide a solder bump. 

37. A semiconductor device assembly /comprising an active 
semiconductor device having surface /it^ contact pads formed 
thereon and a plurality of contact /structures mounted on the 
contact pads, each of said cont/cj? structures including' a 
flexible elongate element having /first and second ends, means 
bonding the first end to the co/tact pad with the second end 
being free and a shell formed a/ry'' the flexible elongate element 
and formed of a conductive /aterial which extends over, the 
flexible elongate element and Aft least a portion of the contact 
pad to which it is secured, a/fxd flexible elongate element having 
a cantilever portion forming a bend therein, said contact pads- 
being spaced apart at predetermined distances, the free second 
ends, of said contact st lectures /h^ing spaced apart at greater 
distances than the spacing between the first ends of the flexible 
elongate elements bondeff to the contact structures. 

38. An assembly's in Claim 37 wherein the second free ends 
are staggered with r|spect to the first ends of the flexible 

elongate elements. 

39. A semiconductor assembly as in Claim 37 together with 
registration pins Secured to and mounted on the surface of the 
semiconductor device, said registration pins being formed of a 
flexible elongat# element and a shell formed on the flexible 

elongate element 

• 40. An assembly as in Claim 39 wherein said flexible 
elongate element and said shell of the registration pins being 
formed of the^same materials as the contact structures. 

41. A /semiconductor package assembly comprising a substrate 

/ .: . - .. j - n i — j „ „ <- r, r ^ <= ar-nnH surfaces 

formed of ah insulating maiensi "«vmy ixj.ou 

and having/contact pads disposed on at least one of the first and 
second su/faces, at least one active semiconductor device having 
a first /surface and having contact pads and interconnecting 
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resilient contact structures having first and second ends and 
having the first ends adapted to be bonded to eitj/ie£ / the pads 
carried by one surface of the substrate or to the c&rrtact pads of 
the semiconductor device to form bonds therewith/and having the 
second ends adapted to make contact with the contact pads of the 
semiconductor device or the contact pads carried by one surface 
of the substrate free of bonds, said interconnecting contact 
structures each being comprised of a flexible elongate element 
having a cantilevered portion forming a b4(d therein and a shell 
of a conductive material having a high yijAd strength of at least 
thirty thousand pounds per square in^/disposed on the flexible 
elongate element and serving to provide/ spring characteristics to 
the interconnecting contact structu4:e£ to resiliently secure the 
active silicon device to the subs^ra/te. 

42. An assembly as in Claim Al together with at least one 
additional active semiconductor (device having contact pads and 
means connecting the contact /pads with the at least one 
additional active semiconductor/device to the contact pads in the 
other surface of the substrate/ 

43. An assembly as/ L Clai«^42 wherein said means 
connecting the contact iac/s of the at least one additional 
semiconductor device to /the 7 contact pads on the other surface of 
the substrate includes /interconnecting contact structures of the 
same construction as/ th4 first named interconnecting contact 
structures. 

44. An assembly ah in Claim 41 wherein the shells formed of 
a conducting material /are intimately bonded to the contact pads 
so as to provide Additional pull strength securing the contact 

if' 

structures to the/contact pads. 

• 45. An ass^ib/y as in Claim 41 wherein said substrate is a 
printed circuit /boLd and wherein said printed circuit board is 
provided with a/p/urality of layers of metallization and vertical 
via conductors;' Extending therethrough and wherein the contact 

pads are in contact witn me v «=.!.»- .■.«-«.». \ ^ _ 

46. An assembly as in Claim 41 together with spring clip 
means secure/ to the substrate and extending over the 
semiconductor / device to retain the at least one active 
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semiconductor device in a predetermined position with respect to 
the substrate and placing compressive /orces on J the 
interconnecting resilient contact structures. / // 

47. An assembly as in Claim 46 whereLfi said spring cli P 
means is formed of the -same materials as/ the interconnecting 
resilient contact structures. 

48. An assembly as in Claim 45 whe/ein the/interconnecting 
contact structures have second free end's and wKerein the second 
free ends extend through the verticil via /conductors in the 
printed circuit board and frictiona/ly engage the vertical via 
conductors to form electrical contact therewith while serving to 
retain the semiconductor device ii/ a predetermined position with 

respect to the substrate. / Q^__J 

49. An assembly as in Claim 4l/wherein said substrate is 
provided with a plurality of hfoles and spring clip means secured 
to the semiconductor device And extending through the holes and 
engaging the printed circuit/ board for retaining the 
semiconductor device in a Z redetermined position with respect to 
the substrate and to plao4 compressive forces upon the resilient 
contact structures connecting /the contact pads on the substrate 
to contact pads on the /semiconductor device. 

50. An assembly/ as in Claim 41 wherein said substrate is 
provided with a plurality/ of alignment holes, alignment pins 
mounted on said semiconductor device and extending through said 
holes in said substrate for maintaining alignment of the 
semiconductor dev/ce with respect to the substrate and adhesive 
means disposed between the semiconductor device and the substrate 
for retaining /he semiconductor device in the predetermined 
position with / respect to the substrate in the alignment 
determined by the alignment pins. 

51. An Assembly as in Claim 50 wherein said alignment pms 
are formed o/f elongate elements having shells formed thereon to 
provide additional structural support for the flexible elongate 
elements . / 

52. An assembly as in Claim 41 together with a capacitor 
disposed /betweefl said first semiconductor device and said 
substraJ, said! capacitor having contact terminals and means 
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coupling said contact terminals to the contact pads of the first 
semiconductor device. / 

53. An assembly as in Claim 52 wherein /aid substrate is 
formed with a recess therein and wherein/ the capacitor is 

disposed therein. / 

54. An assembly as in Claim 52 where/n said ^means coupling 
the contact terminals to the contact pad/ with fe'fie first active 
semiconductor device includes contact p/ds disposed adjacent the 

■/ 

/ ■ -f 

An assembly as in Claim AY wherein said substrate is 
provided with a second surface havi/g steps therein at different 
levels and wherein contact pads a/re provided on the steps and 
wherein contact structures are sJznrgd to the pads on the steps 
and have free ends extend^intc/ the same horizontal plane. 

56. An assembly as in CLai/ 41 wherein said substrate is 
provided with a recess extending through the first surface, a 
capacitor disposed in the//recess and additional contact 
structures carried by the c/oacitor and terminating in the same 
plane as the contact pads Mth the semiconductor structure and 
secured to the semiconductor 7 device and making electrical contact 
to the semiconductor structure. 

57 An assembly as/in Claim 41 together with an integration 
substrate having a plurality of contact pads thereon together 

ith additional resili/ent contact structures interconnecting the 
contact pads of thd/ substrate to the contact pads of the 

integration substratM 

58 An assemb/y as in Claim 57 together with a plurality of 
additional substrates mounted on the integration substrate and 
contact structured connecting the additional substrates to the 

integration substrate. 

59 An aJjembly as in Claim 58 wherein said contact 
structures inti#connecting said substrates to said integration 
substrate incfee an interposer having a first and second sxdes 

// . .. _ ..^4.1. .l.-f^inai t n ■(-(=> connections 
and having contact pads tnereon wiui =^ s ----' 

between at #st certain of contact pads on the first and second 
sides saic/ Contact structures making contact with the contact 
pads on tie interposer and contact pads on the substrate and 
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solder means forming a connection between the contact/pads of the 
interposer and the contact pads of the integration s*fostrate . 

60. An assembly as in Claim 59 where/nySaid resilient 
contact structures yieldably engage the c/ita'ct pads of the 
interposer, the substrate or the integ^at/on substrate and 
restraining means interconnecting th/ /substrate to the 
integration substrate so that compressiy4/f orces are applied to 
the contact structures .so that the copffcsfct structures remain in 
electrical contact with the contact pi 

61. An assembly as in Claim M wherein said restraining 
means is in the form of removable fastening means. 

62. A semiconductor package/assembly comprising a substrate 
formed of an insulating materiaj/Vaving first and second surfaces 
and having conductive contac//pads on the first and second 
surfaces, a plurality of safe/conductor devices having contact 
pads facing the contact pad/ /n the first and second surfaces of 
the substrate and resilient/ contact structures for electrically 
interconnecting the conta/t/pads of the semiconductor devices and 
the contact pads carrie/j/y the substrate and for supporting the 
semiconductor devices fn /spaced-apart positions from the surfaces 
of the substrate so frft the semiconductor devices lie m first 
and second parallel /l/nes on Uosite sides of the substrate and 
contact means carr/e/ by the substrate for making electrical 
contact to the /semiconductor devices through the contact 



structures . 

63. An as 
is disposed in 

64. A met 



/od 



ly as in Claim 62 wherein said contact means 
ane and is disposed in a row. 

for providing a structural contact for 
engagement "wJh I contact pad carried by an electronic component 
by the use ok J flexible elongate conductive element having first 
and second LJs, securing the first end to the contact pad to 
form a fi/st/ bond and forming a conductive material on the 
flexible /locate element to form a shell which extends over the 
flexible/eloigate element to provide the structural contact and 
which e/tends over first the bond and over the contact pad to 
adhere /thereto so as to provide additional strength between the 
contact pad and the structural contact. 



- 52- 



65. A method as in Claim 64 together with the step of 
forming a bend in the flexible elongate element between the/first 
and second ends and forming the shell over th/ bend to/provide 
yieldable spring-like properties for the contact structure. 

66. A method as in Claim 65 togethe/ with th£ steps . of 
providing an additional electronic component having/a contact pad 
thereon together with the step of contacting the/ second end of 
the flexible elongate element to t/e contafct / pad on the 
additional electronic component to/ establish an electrical 
connection between the same. 

67. A method as in Claim 6i 



/ 

together with the step of 

if 

applying compressive forces between the electronic component and 
the additional electronic compo/ent so/ that compressive forces 
are maintained on the contact s/ructur/s . 

68. A method as in Cl/im 64 /together with the step of 
securing the second end to t^ same/ contact pad to form a second 
bond. 

69. A method for mo/nting Jk protuberant conductive contact 
to a conductive termini on .electronic component, the method 
comprising sequential /steps / of providing a wire having a 
continuous feed end /ntima/ely bonding, the feed end to the 
terminal, forming fro/ the bonded feed end a stem which protrudes 
from the terminal a/d ha/ a first stem end thereat., bonding a 
second stem end i/to a/ sacrificial member mounted in spaced 
relationship from /he component, severing the stem at the second 
stem end to defir/e a skeleton, depositing a conductive material 
to envelop the skeleton and at least an adjacent surface of the 
component and e/imin/ting the sacrificial member. 

70 The /method as in Claim 69 wherein during the 
eliminating /tap/ the second stem end is severed from the 

sacrificial membejr. 

71. We method as in Claim 69 wherein the conductive 
material i/ provided with a multitude of microprotrusions on its 
surface . / / 

72 / The' method as in Claim 69 wherein the depositing step 
include/ placement of a plurality of layers each differing from 

one ano/cher/ 
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73. The method as in Claim 73 wherein at l^sast one of the 
layers comprising conductive material has a jaggfed topography in 
order to reduce contact resistance of ■ the protuberant conductive/ 
contact when mated to a matching terminal 

74. A method for mounting a protuberant conductive contact 
to a conductive terminal on an electronic /component , the trfethod 
comprising sequential steps of provid/ng a wire having a 
continuous feed end to the terminal, intimately bonding/the feed 
end to the terminal, forming from th£ feed end a /stem which 
protrudes from the terminal and has /a first stem/end thereat, 
severing the stem at a second stem/ end to define a skeleton, 
depositing a conductive material to envelop . yfe skeleton and 
adjacent surface of the terminal, performing the same steps on a 
plurality of terminals, at least/ one electronic component and 
wherein the terminals are in different plane's, the forming steps 
resulting in a plurality of fre4 standing protuberant stems, the 
severing steps being performed/ on the respective stems, all in a 
common plane. 

75. A method as in c/aim 7Y"whe±ein the terminals are in 
different planes and wherei/h the forming steps are carried out on 
the different planes. / J: 

7 6. A method for p/rforming test and/or burn in procedures 
on a semiconductor device having /plurality of resilient contact 
structures mounted the/eon by the use of a separate test or burn- 
in substrate having/ contact/ pads thereon arranged in a 
predetermined pattern, the method comprising positioning the 
semiconductor device with tfte plurality of resilient contact 
structures under c/mpressivj§ forces with respect to the test or 
burn-in substrat/ to yieldably urge the resilient contact 
structures asso/iated y/ith the semiconductor device into 
engagement and /lectricai contact with the contact pads of the 
test or burn-ii/ substrate, performing tests on the semiconductor 
device while t/he resilient contact structures are in engagement 
with the contact pads of tne test or uuin-xi* s^^--_ _— 
removing the /semiconductor device with the plurality of resilient 
contact structures 'from engagement with the contact pads of the 



rufcti. 
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test or burn-in substrate after completion of the / testing or 
burn-in . 

77. A method as in Claim 76 for use with afa integration 
substrate having a plurality of contact pads thex/eon arranged in/ 
a predetermined pattern, -and following completer! of the testing 
or burn-in procedures, performing the additional steps of placing 
the resilient contact structures of the semiconductor device into 
engagement with the contact pads on the integration substrate and 
forming a permanent connection between th/ contact strictures and 
the contact pads of the integration subs/fcrate. / 

78. A method as in Claim 76 where/in said contact structures 
have base and free ends together witfr . the step q,f changing the 
spacing between the free ends so trfat the . spacing is different 
from the base ends and corresponds/to the spacing of the contact 

pads on the substrate. / / ' / 

79. A method for mounting/a pr^uberant conductive contact 
to a conductive terminal on a/ electronic /component , the method 
comprising the steps of provi/ing a wire having a continuous feed 
end, intimately bonding th/ feed end to the terminal, forming 
from the feed end a stem /hich protrudes from the terminal and 
has a first stem end ther/at, severing the stem at a second stem 
end to define a skeletX depositing a conductive material to 

' envelop the skeleton an/ ad j acent surface of the terminal. 

80 A method as L Claim 79 wherein the forming steps and 
the severing steps ar/ performed by a wire bonding apparatus and 
after the severing s/eps but before the depositing step shaping 
the skeleton by mear/s of a tool external to the apparatus. 

81. A method/as in Claim 79 wherein the conductive material 
is provided with /multitude of microprotrusions on its surface. 

. 82 A met^d as in Claim 79 with the depositing step 
including placement of /plurality of layers each differing from 

one another. / 

83. A method as in Claim 7.9 wherein the depositing step 

/ J , - . _jr i aar-h Hi ffereiit from 

includes placement of a plurality ui — 

one another./ / 

84 A /method ^ in Claim 79 performed on a plurality of the 
terminals and wherein the forming steps result in a plurality of 
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free standing protuberant stems 
on the respective stems all in a common 

85. A method as in Claim 79 
terminals on at least one electronic 
terminals are in different planes, th« 
a plurality of free standing protu 
steps being performed on the resp 
plane. 

86. A method as in Cla 




ps are ^f1?ormed 




plurality of the 
p4id wherein the 
rming jf-teps resulting in 
ems, the severing 
s all in a c ommon 

on at least one 



terminal on an electronic exponent /herein the wire is made 



primarily of a metal selected from / group consisting of gold, 
copper, aluminum, silver,/ndium aa/ alloys thereof, the skeleton 
being coated with a f ir/t layer fit conductive material selected 
from a group consistd/g of nickel, cobalt, boron, phosphorous, 
copper, tungsten, ti/anium, chromium and alloys thereof, and the 
top layer of the conductive material is a solder selected from a 
group consisting/of indium', bismuth, antimony, gold, silver, 
cadmium and thei/r alleys. / 
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